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THERMAL  INACTIVATION  OF  VIRUSES 

REPORT  1.  THE  RELATIONSHIP  BETWEEN  THE  RATE  OF  INACTIVATION  AND  TEMPERATURE 

A  S  Novokhatskly 

D  I  Ivanovskiy  Virological  Institute  (institut  virusologii) 
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The  speed  and  dynamics  of  the  inactivation  of  virus  at  various  temperatures 
depends  on  multiple  factors.  Basic  among  them  are  tho  naturo  and  structure  of  the 
viruses,  their  genetic  peculiarities,  the  state  of  the  medium  in  which  the  viral 
molecules  are  suspended,  and  the  noriod  and  conditions  of  the  preservation  of  vi¬ 
ral  preparations.  However,  enough  'table  characteristics  inherent  to  each  type  of 
virus  oxist  to  determine  the  thermodynamic  process  for  inactivating  the  virus.  As 
the  results  of  the  study  of  various  viruses  showed,  the  mechanism  of  their  thermal 
inactivation  at  high  and  low  temperatures  substantially  differs  (5*6,16,33),  re¬ 
quiring,  obviously,  completely  different  methods  of  stabilizing  viral  preparations 
in  relation  to  the  level  of  temperature  acting  on  them. 

We  tried  to  determine  some  principles  of  the  inactivation  of  RNA-contalnlng 
viruses  under  various  conditions  using  Venezuelan  Equine  Encephalomyelitis  (VEE), 

Sindbis  (SV),  and  Vesicular  Stomatitis  (VSV)  viruses,  By  basic  functional  tests 
the  dynamics  of  change  in  Infective  activity  of  viruses  were  determined.  Report 
Ho  1  gives  an  account  of  the  results  of  Investigating  the  constants  of  the  rate  of 
inactivation  at  various  temperatures,  as  well  as  data  on  some  thermodynamic  char¬ 
acteristics  describing  the  process  of  loss  of  infective  activity  by  viruses. 

Materials  and  Methods 

VEE,  3V,  and  VSV  (Indian  strain)  viruses  were  received  from  the  Museum  of  Viral 
Strains  of  the  D  I  Ivanovskiy  Institute  of  Virology,  AMN  SSSR  and  placed  in  cultures 
of  fibroblasts  of  ohioken  embryos  (FEK),  All  three  viruses  were  grown  in  medium  No 
199  with  a  2/S  heated  bull  serum  component. 

Initially  trypsinlzed  FEK  was  prepared  by  the  usual  method 

Viral  lnfectivity  was  determined  by  plaque  titration  under  agar  overlay  accor¬ 
ding  to  Portorfild  or  Dalbekkoi**^  Cultivation  of  the  cells  and  incubation  of 
plaque  forming  system  was  conducted  in  an  atmosphere  containing  %  C02?  Hemagglu- 
tinating  activity  of  VEE  and.  SV  viruses  was  determined  according  to  the  earlier 
described  method  of  Klark  and  Kazals? 

As  a  rule,  the  viruses  were  heated  suspended  in  a  storage  medium,  The  viruses 
wore  titrated  immediately  after  being  heated  through. 

The  Influence  of  the  temperature  gradient  on  VEE  and  SV  viruses.  In  dia  1  tho 
results  of  heating  SV  and  VEE  viruses  for  20  minutes  at  temperatures  from  20°  to  70° 
arc  set  down,  Each  point  was  determined  by  the  average  of  two  parallel  experiments, 

Tho  interval  of  temperature  from  50°  to  60°  was  shown  to  bo  critical  for  the  viruses 
studied.  In  the  interval  from  20°  to  50°  an  increased  variety  of  viral  titers  was 
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noted,  with  each  10°  rise  resulting  in  a  0.1  lg  for  'J>y  and  a  0.3  lg  for  VEEj  after 
50°  each  2°  increase  in  temperature  resulted  in  furthur  inactivation  in  the  medium 
of  1.5  to  2  lg.  Heating  for  20  minutes  at  ?0°  completely  Inactivated  the  infecti- 
vity  of  both  viruses. 

The  break  at  the  50°  point  on  the  curve  indicating  change  in  VISE  and  SV  infectlvity 
in  relation  to  temperature  affirms,  in  all  probability,  the  existence  of  various 
mechanisms  for  inactive Hug  lufeotivity  ox  the  studied  viiuses  at  temperatures  above 
and  below  50°. 


Dla  1,  Changes  in  infeotlvity  of  YEB  (l)  and  Sindbis  (2)  viruses 
during  heating  for  20  minutes  at  various  temperatures,  Along  the 
y-axis  -  activity  of  the  virus  in  lg  EQB/mlj  along  the  x-exis  - 
temperature  in  degrees. 

For  more  detailed  study  of  these  proeesses  a  speolal  series  of  experiments 
was  set  up. 

Deter-' nation  of  enthalpy  and  entropy  of  heat  inactivation  of  viruses.  Viruses 
were  incut*  ^d  at  temperatures  iron  ho  to  5o*  and  identified  after  a  suitable  inter¬ 
val  of  time  with  tho  goal  of  obtaining  more  detailed  data  for  authentlo  determination 
of  the  fine  dynamics  of  inactivation.  The  speed  constant  of  inactivation  was  calcu¬ 
lated  according  to  the  formula 
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with  kin  the  speed  constant  of  viral  inactivation,  C  -  activity  of  virus  on  expiration 
of  time  and  incubation,  Co  -  aotlvity  of  virus  before  incubation, 

Dla  2  represents  the  Arrhenius  equation  of  the  logarithm  of  the  speed  constant  of 
inactivation  (lg  k,n)  of  VEE  virus  from  the  inverse  absolute  temperature  (iv  Two 
components  wore  computed,  intersecting  at  40°  and  42°  and  having  various  angles  of  in¬ 
clination  that  represent  various  mechanisms  influencing  tho  loss  of  infectlvity  of  VKE 
virus  during  high  and  low  temperatures.  Analogous  results  were  obtained  for  Sindbis 
virus  (see  dla  2  b),  In  dla  2  b  changes  in  the  value  of  the  logarithm  of  the  constant 
of  speed  of  inactivation  of  VSV  virus  in  the  temperature  range  from  45°  to  $6°  are 
shown. 
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Dla  2.  Graphic  relationship  between  the  logarithmic  constant 
of  inactivation  from  inverse  absolute  temperature  for  (a)  VEE, 
(b)  Sindbis,  and  (c)  Vesicular  Stomatitis , 

According  to  Eyring's  formula^?, 
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with  kjn  the  constant  of  speed  of  viral  inactivationj  k  -  constant  of  Boltsman 
(1.380  x  10"16erg/degree)|  h  -  Plank  constant  (6,625  x  10"27  erg/second) g  T  - 
absolute  tempexaturei  R  -  gas  constant  (1,987  calories/degree  x  mole) j£H  - 


enthalpy  of  activationt&S  -  entropy*  of  activation  determined  for  VEE  virus j 
enthalpy  and  entropy  of  activation  of  the  process  of  thermoinactivation,  re¬ 
sulting  from  the  two  components  of  Arrhenius'  equation,  For  VEE  virus  the 
sloping  component  is  characterized  by  the  value  of  AHnk  ■  26,000  cal/molu  and 
ASnk  “  3.98  l®  (units  of  entropy),  and  the  steep  high  temperature  component 
AHpf  ■  75,800  cal/mole  and  ASpr  »  162,8  UE,  For  Sindbis  virus  AH  high  and  low 
temperature  areas  of  the  graph  are  dependent  on  tho  logarlthmio  constant  of  the 
speed  of  inactivation  from  the  Inverse  absolute  temperature,  consisting  of 
78,000  and  20,000  cal/mole.  Enthalpy  of  inactivation  (Ah)  of  the  vosicular 
stomatitis  virus  within  the  45°  to  560  range  was  determined  to  be  about  81,000 
cal/mole . 


Dia  3  represents  the  dynamics  of  thermal  inactivation  of  VEE  virus  at  52°, 

The  initial  period  of  slow  inaotivation  of  viral  infectivity  accompanied  by 
gradual  lowering  of  the  hemagglutinating  activity  is  clearly  expressed.  This 
period  lasts  30  to  35  minutes  and  alternates  with  a  phase  of  sharply  accelerated 
inactivation,  Hemagglutins  in  this  period  were  not  identified. 

The  described  viral  Inaotivation  rates  fluctuate  in  dependence  on  temperature , 
to  whose  influence  the  virus  is  subjected,  the  period  of  its  storage,  the  state  of 
the  medium,  the  viral  molecules  present,  and  other  conditions.  From  37°  to  38° 
accelerated  inactivation  usually  is  not  apparent g  it  can  be  detected  only  after 
24  to  36  hours  of  incubation.  With  raised  temperature  the  (initial)  heating 
stage  of  accelerated  inaotivation  come  earlier  and  earlier,  while  at  56°-5 8°  it 
does  not  beoome  fundamental  to  the  dynamics  of  thermal  Inactivation  of  VEE  virus. 


3. 


iW  Mint 

Dia  3*  Dynamics  of  inactivation  of  VBK  virus  at  $2°, 

1  -  1«  BCE/ml  2  -  lg  GAfi/ml 

Separate  determination  of  the  constant  of  speed  of  inactivation  for  the  des¬ 
cribed  parts  of  the  VEE  virus  inactivation  curve  gave  two  rows  of  different  indica¬ 
tions,  The  significance  of  lg  kin  in  this  case  lies  in  the  course  of  earlier  deter¬ 
minations  (see  dia  2  a)  of  components  of  Arrhenius'  eq.ua ti on i  completing  the  picture 
of  cross  sever  (dlu  4  a),  The  value  of  lg  kin  for  the  periods  of  slow  inactivation  of 
virus  remained  a  sloping,  low  temperature  component  of  the  graph,  but  for  the  periods 
of  accelerated  inactivation  there  was  an  abrupt,  high  temperature  component  of  the 
graph  with  lg  kin  dependent  on  T. 


Dia  4.  Graph  dependence  of  logarithm  of  constant  of  inactivation 
on  inverse  absolute  temperature, 

Arrhenius'  equationi  a,  determined  separately  for  (i)  protein  and 
(2)  nucleic  types  of  thermal  lnaotivation  of  VE3  virus  1  b,  for  the 
process  of  thermal  inactivation  of  Vesicular  Stomatitis  virus  de¬ 
termined  (1)  experimentally  and  (2)  according  to  data  on  the  time 
of  polyinactivation  according  to  Galasen,*3 

The  stabilizing  Influence  of  the  Mg  2*  cation.  To  viruses  suspended  in  a  storage 
medium  we  added  equal  volumes  of  25*  solution  of magnesium  sulfate  or  physiological 
solution.  Then  we  maintained  viral  suspension  at  various  temperatures  titrating  the 
virus  immediately  after  the  end  of  heating. 

Dia  5  a,b,c  represente  the  influence  of  magnesium  sulfate  on  the  thermal  stability 
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of  viruses  at  50°.  The  Greatest  stabilizing  effect  was  on  VoV  ,  the  least  on  VS3, 
There  lias  bean  interest  in  the  fact  that  stabilizing  action  of  magnesium  sulfate 
appears  at  temperatures  above  37°  and  concerns  periods  of  accelerating  viral  in¬ 
activity  which  are  described  by  characteristic  high  temperature  components  of 
Arrhenius'  equation.  More  detailed  peculiarities  of  influence  of  various  factors 
on  the  durability  of  viruses  under  such  conditions  will  be  seen  in  another  report. 

Discussion 

Existence  of  two  types  of  inactivation  -  low  temperature  characterized  by 
lower  enthalpy  and  entropy  of  activation  values  and  high  temperature  for  which  the 
values  were  several  times  greater  -  has  been  noted  by  various  authors  for  a  variety 
of  viruses  according  to  their  nature.  Data  on  these  Investigations  presented  in 
Table  1  show  that  the  presence  of  two  principle  types  of  heat  inactivation  are  gen¬ 
eral  for  viruses,  reflecting  their  nucleoprotein  nature. 


TABI£  i 

THERMODYNAMIC  CHARACTERISTICS  OF  HEAT  INACTIVATION  OF  SOME  VIRUSES 
Virus  AHpr  (in  ca jl/  <oSpr  (in  aHnj£  (in  ASnk  (in  temp  (in  bibliographic 
mole)  UE)  cal/ mold )  UE)  degrees)  reference 

crossover 


Phage 


T1 

95 

207 

23 

T2 

72 

139 

23 

T3 

105 

246 

1 

23 

T4 

131 

4 

t  5 

73.2 

169 

20 

T7 

77 

4 

Ml 

76 

165 

12 

M2 

87 

195 

12 

M4 

136 

347 

12 

Streptophage 

76 

165 

A  J. 

9 

Stafilophage 

137 

14 

8 

VTM 

192 

459 

19 

-20 

25 

RNA-VTH 

19-13.5 

-11-26 

14 

Polio  virus 

244 

689 

28 

7 

44 

33 

Coxsackie 

200 

26 

Foot  and  Mouth 

116-175  291-460 

30-45 

23-33 

42-53 

5 

120.6 

27,2 

43 

6 

Rhinovirus 

100 

242 

19 

-18 

39 

33 

Adenovirus 

50 

15 

Vaccines 

14 

37 

27 

Cytomegali 

55.7-92.4 

12.5-13.5 

30-37 

32 

Respiratory- 

-68 

syncytial 

4 

on  c 

16 

Scmlikl. 

11-11.5 

37.5 

19 

Cori 

70 

18 

-30 

7 

Rous  sarcoma 

77.9 

19.9 

45 

10 

ViiiE 

75.8 

162.8 

26 

3.98 

40-42 

Author1 

data 

Sindbis 

78 

20 

Influenza 

A-hemagglutins 

170 

450 

30 

3-hemagglutlns 

340 

950 

NDV -hemagglutlns 

125 

300 

NDV  virus 

125 

300 

29 

30 

21 
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TABUS  2 


Dependence  of  enthalpy  and  entropy  of  high  temperature  inactivation 
of  DNA-containing  viruses  on  molecular  weight  of  DNA 


Virus 

Hoi  wt 

of  virus  x  106 
Dalton 

Mol  wt  of 
viral  DNA  x  106 
Dalton 

^Pr/^n 

cal/mole) 

4;ipr 
(in  UE) 

T3 

35-^9 

105 

246 

xi 

140 

45 

95 

207 

T5 

145 

80 

73.2 

169 

T2 

250 

120-130 

72 

139 

TABUil  3 

* 

Energy  of  activation  of  thermal  inactivation  of  lyophil  viruses 


Virus 

AH  (in  cal/ 
mole) 

AS  (in 

UE) 

Bibliographic 

Reforenca 

PAG  T1 

?7.5 

22 

FAG  T3 

19.1 

PAG  T7 

12.7 

Polio 

28.8 

21 

18 

20,8 

-10 

Analyzed  systematically,  the  material  in  Table  1  can  bo  divided  into  two 
viral  groups.  In  the  first  group  are  DNA-containing  viruses  for  which  a  fairly 
dear  inverse  proportional  relationship  vetween  AHpr  and  ASpr  on  one  siee  and  the 
molecular  weight  of  the  virus  and  the  viral  DNA  on  the  other  (Table  2)  develops. 

The  second  group  oonsists  of  viruses  characterized  by  relatively  high  values  for 
AH  anddS, 

The  remaining  viruses  have  various  values  of  enthalpy  and  ontropy  of  activation 
and  systematizing  them  according  to  this  indication  is  especially  difficult.  It  is 
interesting  to  note  that  if  the  relationship  AHpr/hSpr  consists  of  2-2.5,  then  the 
relationship  between  and  is  more  complex,  but  as  is  evident  from  Table  i, 
a  straight  proportional  dependence  is  rather  durably  preserved.  During  determination 
of  the  energy  of  aotlvation  of  lypphillc  preparations  of  viruses,  the  low  value  of 
AH  and AS  even  with  the  temperature  around  70°  to  90°  (Table  3)  was  discovered. 

Sharp  change  in  speed  and  character  of  VEE  and  Sindbis  viruses  inactivation 
at  temperatures  over  50°  is  noteworthy  in  regard  to  temperature  characteristics 
for  the  beginning  of  heat  denaturing  of  protein.  Values  of/\KBr  and£S_r  fully 
supported  this  hypothesis,  Dimmok73  showed  with  a  serological  reactiont hat  during 
high  temperature  Inactivation  of  polio  and  rhlnovirus  the  structures  of  their  pro¬ 
tein  coatings  are  disturbed. 

If  on  breaking  one  hydrogen  bond  5000  cal/mole  of  energy  of  activation  and  12 
enthalplc  units20  are  required,  then  it  can  be  shown  with  sufficiently  good  conformity 
that,  using  the  values  we  extracted,  AHpr  and^3pr  agree  and  demonstrate  that  the 
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denaturing  of  VEE  protein  molecules  is  implemented  by  breaking  14  to  15  hydrogen 
bonds , 


The  maximum  andAS^  values  for  low  temperature  inactivation  of  VEE  and 

Sindbls  viruses  allows  one  to  determine  that  loss  of  Infeetivlty  in  this  case  comes 
from  viral  RNA  destruction.  This  emphasizes  the  results  of  Ginov  and  associates^ 
in  the  development  of  laws  of  thermal  Inactivation  of  nucleic  acid. 

Concurring  data  was  obtained  for  several  other  viruses, 5, 10,33  A  break  in  the 
graph  dependence  of  lg  kin  on  (?)  shows  the  level  of  temperature  at  which  the  influence 
of  a  given  mechanism  of  inactivation  becomes  dominant,  Dia  4  a  shows  that  for  VEE 
virus  at  6o°  -  the  temperature  of  separation  of  infective  nucleic  acid  -  the  speed  of 
Inactivation  of  RNA  will  be  100  times  lower  than  the  speed  of  denaturing  of  virus 
proteins. 

The  level  of  transfer  of  the  high  and  low  energy  components  of  Arrhenius' 
equation  is  determined  by  various  conditions,  important  among  them  being  the  state 
of  the  medium  in  which  the  virus  is  suspended,  as  well  properties  of  viral  mole¬ 
cules,  In  one  paper5  data  on  thermal  Inactivation  of  various  strains  of  foot  and 
mouth  disease  is  presented.  With  increased  thermal  stability  of  this  strain, 
transfer  from  nucleic  to  protein  type  of  inactivation  occurs  at  ever  high  tempera¬ 
tures,  with  this  strain  attaining  the  greatest  stability  at  53?  During  heating 
to  45°  -  56°  of  the  strain  of  Vesicular  Stomatitis  virus  we  studied,  the  energy 
of  activation  was  about  fl0,000  cal/mole,  that  is,  characteristic  protein  type  in¬ 
activation!  at  the  same  time,  the  value  of  poluinacti nation  of  the  virus  was  com¬ 
puted,  according  to  Galassoij,  with  the  result  that  the  energy  of  activation  was 
found  to  be,  in  the  range  from  4°  to  56°,  about  36,400  cal/mole,  a  more  naturally 
nuclear  type  of  inactivation  (see  Dia  4  b) ,  The  described  divergence  is  explained, 
in  all  probability,  by  the  variety  of  virus  strains  used. 


lg  S0£l<r/I 


egm/M 


egm/w 


Dia  5.  The  stabilizing  Influence  of  Mg2+  on  the  thermal  inactivation 
of  a,  VE3,  b,  Sindble  and  c.  Vesicular  Stonatitis  viruses, 

1  -  control!  2  -  inactivation  in  the  presence  of  a  1  M  solution  of  1^04 
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**  lutz  t;/- :joi,,uon  °f  3ui. 

500,  that  lt  was  a  mistaku0  ;:°alccuert05  °dr ,Si"lbi.G  virus9sat 

°^r  investigation  show  that  magnesium  sulfate  result-  In  i"  ^  reGuli's 

studied  viruses  during  heating  at  50°.  However  the' '"tabil 5  "?  influenCG  on 

ordy  to  the  protein  type  of  inactivatl on  fV;! lbilf- ^  ef^ot  Is  related 
appear  from  the  first  minute  of  h^at-Tn  *  n  *  ^  for  ^  101,0  viruses  dooa  not  always 
the  beginning  period,  most  apparent  with  VEF  viru^ ■' on  ted  in  Dia  5  show  the  presence  of 
vation  is  nredomt natal™  * 1-  ^  ^  (zo°  Dla  3),  during  which  inacti- 

no  influence.  This  5  ^cnG!;iun  ™Ifa.te  has 

magnesium  sulfate  at  low  temperatures  Tlter^  ^tU[y  of  the  influence  of 

«- in ** a  ^ 

?s?2&  ;lrr at  40  —*■* 

no  substantial  influence  *o™r  the^nuclear  t£J  H&y*  Bh0W6d 

the  sShillt? bond3'  ^crease 
thermal  stability.  viruses»  raising,  in  this  way,  their 

investigator  £2&S  *W  •  —  4*  on  viruses.  One 

viruses  influence  the  level  of  disrSitiL^f  £?£  ^  Polarities  of  strains  of 

graph  of  Arrhenius'  equation  and  the  temneiatnr^  lw  temperature  components  on  the 

^entiaiiy  changing  the  sl^  of  Mhi°h  transfer  oc^»  «* 

Others  think  that  the  energy  mlue  of  aotiiatSn  nil  J®  9ner?y  value  of  activation.5»19 
particular  for  polio  .«  rgno  SSi^y *-W.  1. 

larlous^tssjwStl^s^e'Mreitat^ntSl^onafss?*  1*“3  °f  viral  inactivation  at 
preservation  or  loss  of  the  l^oti  veatfS^i  n  concerning  the  factors  determining 
thermal  stability  of  viral  prJwSatloJ^*  P®2^10163*  on  the  mechanisms  of 

organization  of  JirioS^n  J®1?/3  0n  change  ln  structure  of  tS 

dynamic  laws  and  parameters  is  abe^Li^S!^0"  ?r°?9sa‘  Determination  of  thermal 
and  conditions  influenci^the  tSS?  oLS  ^  tbe  study  of  Aerials 
in  this  area  hold  the  possibility  of  seleotive  hrxJrif^3®0^  ff£lcient  investigations 
tasis  of  precise  charaoterlstlosf  *»edijig  of  stabilizing  factors  on  the 
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